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ABSTRACT 


Experiments  were  conducted  on  sheep  to  determine;  (i) ,  if 
level  of  feed  intake  altered  their  thyroid  status;  (ii) ,  if 
it  was  possible  for  triiodothyronine  (T3)  to  enter  the  rumen 
of  sheep;  (iii) ,  what  metabolites  of  T3  were  excreted  in 
urine  and  feces;  and  (iv) ,  if  the  rumen  microbiota  could 
metabolize  T3. 

Yearling,  rumen-f istulated,  Suffolk-cross  ewes  were  fed 
either  a  maintenance  or  twice  maintenance  ration.  After  at 
least  three  weeks  of  adaptation,  catheters  were  inserted 
into  each  jugular  vein,  serum  samples  for  T3,  thyroxine 
(T 4) ,  and  iodine  analyses  were  collected.  Iodine-125 
labelled  T3  (1,000,000,000  cpm)  was  injected  through  one 
jugular  catheter  and  serial  blood  samples  (for  the 
preparation  of  serum)  were  collected  from  the  other.  Serial 
samples  of  saliva,  rumen  fluid,  urine  and  feces  were  also 
collected.  Total  radioactivity  in  each  serum  sample  was 
determined,  and  components  were  separated  by  thin  layer 
chromatography.  Serum  T3  and  T4  concentrations  were 
determined  by  radioimmunoassay.  Serum  iodine  was  determined 
by  chemical  means.  In  addition,  an  in-vitro  experiment  was 
performed  to  determine  if  T3  was  metabolized  by  rumen  the 
microbiota . 

The  two  levels  of  feed  intake  did  not  cause  significant 
changes  in  T3  or  T4  concentration  or  T3  disappearance  rate. 
Iodine  concentration  was  significantly  lower  in  the  sheep 
receiving  the  high  level  of  feed  intake.  The  calculated 
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distribution  volume  (i.e.  the  kinetic  pool)  of  T3  in  the 
sheep  was  significantly  greater  in  the  twice  maintenance 
feed  level  group.  T3  was  not  detectable  in  either  saliva  or 
rumen  fluid.  A  fraction  of  the  total  1-125  that  appeared  in 
the  urine  was  not  chemically  identified.  This  fraction 
appeared  to  be  a  major  metabolite  (or  metabolites)  of  T3. 

The  in- vitro  experiment  showed  that  unautoclaved  rumen  fluid 
bound  or  degraded  T3  to  a  greater  extent  than  did  autoclaved 
rumen  fluid. 

It  was  concluded  that  the  level  of  feed  intake  (either 
maintenance  or  twice  maintenance)  did  not  cause  significant 
changes  in  common  indices  of  thyroid  status  but  that  there 
was  a  significant  effect  on  the  T3  distribution  volume.  This 
is  indicative  cf  changes  in  tissue  binding  of  T3.  T3  was  not 
detectable  in  the  rumen.  However,  the  possibility  that  it 
was  associated  with  microbes  attached  to  the  rumen 
epithelium  was  not  eliminated. 
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Oil  CHAPTER  1  J_  INTRODUCTION  AND  REVIEW  OF  LITERATURE 

introduction 

The  interrelationships  between  thyroid  hormones  and 
digestive  function  in  animals  are  complex.  For  example, 
during  exposure  of  sheep  to  cold  ambient  temperatures 
circulating  levels  of  thyroid  hormones  increase,  rate  of 
passage  of  digesta  through  the  alimentary  tract  increases 
and  apparent  digestibility  of  food  decreases 
(Christopherson,  1976;  Westra  and  Chr istopherson ,  1976; 
Kennedy  et  al,  1977).  The  implication  is  that  increased 
thyroid  function  is  responsible  for  the  increased  rate  of 
passage  and  the  concommitant  decreases  in  digestibility  was 
supported  ty  Kennedy  et  al,  (1977)  who  administered 
triiodothyronine  (T3)  to  th yroidectomized  sheep  and  produced 
increased  rate  of  passage  and  decreased  digestibility  of  the 
food.  The  effect  of  high  ambient  temperature  on  thyroid 
function  of  sheep  appears  at  least  superficially,  to  be  the 
opposite  to  the  effect  of  low  ambient  temperature.  Sanchez 
and  Evans  (1972)  reported  that  when  sheep  were  exposed  to 
above  thermoneutral  temperatures,  there  was  a  decrease  in 
serum  thyroxine  (T4)  levels  and  a  decreased  T4  secretion 
rate.  Furthermore,  when  sheep  in  a  thermoneutral  environment 
were  fed  the  same  amount  of  feed  that  the  sheep  at  the  high 
temperature  consumed  ad  lib,  their  thyroid  status  changed  in 
a  manner  that  was  analagous  to  the  changes  observed  in  the 
heat  stressed  animals.  There  is  evidence  that  acute  feed 
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restriction  causes  a  decrease  in  T4  secretion  rate  in  goats 
(Abdullah  and  Falconer,  1977)  and  that  long  term  energy 
restriction  in  pigs  results  in  a  decreased  rate  of  1-125 
labelled  T4  disappearance  from  their  plasma  (Ingram  and 
Kaciuba-Uscilko,  1977) . 

Cne  area  of  thyroid  hormone  metabolism  and  digestive 
function  that  has  not  been  investigated  is  the  possibility 
of  thyroid  hormones  entering  the  rumen  and  acting  directly 
on  the  rumen  microbiota.  O'Connor  et  al  (1970)  suggested 
that  steroid  hormones  or  steroid  hormone  analogs  could 
change  the  metabolic  products  of  the  rumen  microbiota,  also 
Biswas  (1975)  showed  that  T4  could  be  used  to  stimulate 
growth  of  Escherichia  coli. 

Studies  were  undertaken  to  determine  if  level  of  food 
intake  caused  measurable  effects  on  T3  or  T4  serum 
concentration,  T3  disappearance  rate  or  distribution  volume. 
At  the  same  time  an  attempt  was  made  to  detect  T3  in  rumen 
fluid,  urine  and  feces. 

When  this  experiment  was  initially  designed,  the 
primary  purpose  was  to  determine  if  T3  entered  the  rumen  of 
sheep.  The  reason  for  this  was  based  on  the  hypothesis  that 
T3  may  be  capable  of  influencing  the  rumen  microbiota  and 
consequently  influence  digestive  function  in  ruminants.  It 
was  also  decided  to  determine  if  two  levels  of  feed  intake 
could  alter  thyroid  status  and  therefore  these  treatments 
were  imposed.  At  the  same  time  it  was  decided  to  gather  some 
information  on  the  form  and  route  of  excretion  of  T3  from 
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sheep.  Because  of  these  three  objectives  this  thesis  has 
been  written  in  the  form  of  an  Introduction  and  Review  of 
Literature  followed  by  chapters  on  each  phase  of  the 
experiment  and  a  General  Conclusion  and  Discussion. 

<L-1.2  literature  REVIEW 

Iodine  and  thyroid  hormone  metabolism  are  closely 
related.  In  fact,  the  synthesis  of  thyroid  hormones  in  the 
thyroid  gland  is  generally  believed  to  be  the  only  route  of 
iodine  uptake  and  incorporation  into  animal  tissue.  A 
possible  exception  is  the  microbiocidal  effect  in  leucocytes 
(Pincus  and  Klebanoff,  1971).  This  literature  review  will 
discuss  iodine  absorption,  distribution  and  metabolism  with 
respect  to  the  thyroid  hormones  and  their  physiological 
function  in  domestic  animals  with  emphasis  on  sheep. 
Literature  on  lab  animals  and  humans  is  also  discussed  where 
relevant  information  is  not  available  for  domestic  animals. 

0.1.2.1  ABSORPTION  AND  DISTRIBUTION  OF  IODINE 

Iodine  is  secreted  into  the  alimentary  tract  by  the 
salivary  glands  and  abomasum.  It  is  absorbed  by  the  small 
intestines  and  is  found  in  all  tissues  of  the  body.  In  most 
tissues  the  concentration  of  iodine  is  lower  than  the 
circulating  level.  The  exceptions  are  thyroid  tissue, 
salivary  glands,  placental  membranes,  lactating  mammary 
glands  and  inflamed  tissues  (Miller  et  al,  1975;  McGuire  and 
Burman,  1978).  The  above  information  was  determined  by 
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isotope  tracer  techniques  and  therefore  may  not  represent 
the  "true"  iodine  pool  as  iodine  may  require  a  lonq  time 
period  to  equilibrate  (Cottino  et  al,  1972),.  In  mouse  muscle 
following  long  term  (3  month)  constant  feeding  of  1-125, 
equilibrium  was  not  achieved.  This  was  shown  by  the 
differences  in  estimates  of  muscle  iodine  concentration 
based  on  isotope  and  chemical  determinations  (by  neutron 
activation  analyses)  which  showed  a  4  to  6  fold  discrepancy 
between  stable  iodine  and  estimates  based  on  radioactivity. 
This  could  be  explained  by  a  slow  turnover  pool  in  muscle 
(Cottino  et  al,  1972)  and  shows  that  labelled  iodine  is  slow 
to  equilibrate  with  the  total  iodine  pool.  Consequently, 
studies  that  do  not  allow  sufficient  time  for  labelled 
iodine  to  become  uniformly  mixed  with  the  total  iodine  pool 
may  produce  erroneous  data. 

Iodine  can  be  conserved  by  recycling  it  through  the 
alimentary  tract  creating  a  large  gastrointestinal  iodine 
pool.  By  recycling  iodine  through  the  alimentary  tract, 
animals  can  decrease  urinary  iodine  loss  especially  under 
conditions  of  low  iodine  intake  (Miller  et  al,  1975).  In  the 
abomasum,  the  flow  of  iodine  across  the  abomasal  wall  into 
the  lumen  can  be  eighteen  times  the  flow  in  the  opposite 
direction.  Iodine  is  then  reabsorbed  from  the  intestines 
(Miller  et  al,  1975)  . 

0 . 1 . 2 . 2  EXCRETION  CF  IODINE 


The  rate  of  urinary  excretion  of  inorganic  iodine 
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parallels  the  plasma  non-protein  bound  iodine  concentration 
and  is  increased  by  high  dietary  chloride  and  iodide  (Miller 
— —  §1  1975).  Thyroid  hormones  and  their  sulfonic  and 
glucuronic  acid  conjugates  are  excreted  in  urine  (Shakespear 
and  Burke,  1976;  Burke  and  Shakespear,  1976).  T3  is  excreted 
at  a  rate  that  parallels  the  excretion  of  creatinine,  which 
implies  that  it  is  not  actively  reabsorbed  by  the  kidneys. 
However,  it  has  been  reported  that  T4  is  actively  reabsorbed 
(Rogowski  et  al  1978). 

Both  hormonal  and  inorganic  iodine  is  excreted  in 
feces,  most  of  which  is  derived  from  thyroid  hormones  which 
enter  the  small  intestines  as  free  hormones  or  as  sulfonic 
or  glucuronic  acid  conjugates  from  the  liver  (Miller  et  al, 
1975;  Eamsden,  1977).  It  would  then  be  possible  for  the 
conjugated  hormones  to  be  deconjugated  in  the  gut  and  be 
reabsorbed.  However,  as  Ramsden  (1977)  points  out,  the 
existence  of  this  "entero-hepatic"  cycle  has  not  been 
confirmed. 

0. 1.2.  3  SYNTHESIS  ATsD  METABOLISM  CF  THYROID  HCRKCKES 

Iodide  in  the  thyroid  gland  is  oxidized  and  bound  to 
tyrosine  molecules  which  are  attached  to  thyrog lobulin.  The 
resulting  products  are  mono-  and  diiodotyrosines. 

Diiodo tyrosine  (or  monoiodoty rosine  and  a  diiodot yrosine) 
molecules  are  then  joined  together  producing  a  molecule  of 
T4  (or  T3 )  which  is  attached  to  a  thyroglobulin  molecule. 
These  molecules  are  released  when  the  thyroglobulin  is 


hydrolised  by  hydrolytic  enzymes.  Ekholm  (1977)  studied  the 
process  in  detail. 
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Following  release  from  the  thyroid  gland,  T4  and  T3  are 
bound  to  proteins  in  the  blood.  Plasma  proteins  have  a 
greater  affinity  for  T4  than  T3-  The  binding  of  these 
hormones  to  large  proteins  limits  urinary  loss  as  well  as 
acting  as  a  buffer  that  maintains  a  relatively  constant  free 
hormone  level  (Bernal  and  Refetoff,  1977).  Binding  proteins 
are  also  found  within  cells  where  the  T3  is  bound  more 
strongly  than  T4.  Consequently,  90^  of  the  extrat hyr oidal  T3 
is  intracellular  while  only  60%  of  the  extrathyroidal  T4  is 
within  cells.  Intracellular  binding  of  thyroid  hormones  was 
reviewed  by  Eernal  and  Refetoff  (1977). 

T4  and  its  derivatives  are  deiodinated,  decarboxylated, 
deaminated  and  (or)  conjugated  in  most  tissues  of  the  body. 
The  resulting  products  either  have  specific  functions  or  are 
rapidly  excreted  (Ramsden  1977).  Some  of  these  products  are 
T3,  3 1 5* 3-triiodothyronine  (reverse  T3  or  rT3)  , 

3* , 3-diiod cthyronine  (3*,3-T2), 

3* ,5* , 3 , 5- tetraiodothyroace tic  acid  (TETRAC) , 

3 i t 3 t 5-triiodothyroace tic  acid  (TRIAC)  and  conjugation 
products  of  T 3  and  T4.  T3  is  generally  considered  to  be  the 
most  active  of  the  thyroid  hormones.  It  causes  an  increased 
metabolic  rate  and  is  also  associated  with  increased  nucleic 
acid  and  protein  synthesis  (Oppenheimer  et  al  1975).  Reverse 
T3  has  been  associated  with  a  feedback  mechanism  that 
controls  the  enzymatic  production  of  T3  from  T4,  this  has 
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been  reviewed  by  Ramsden  (1977).  Metabolism  of  13,  T 4  and 
rT3  in  fetal  and  adult  sheep  was  studied  by  Chopra  et  al 
(1975).  In  fetal  sheep  serum  concentrations  of  T4  and  rT3 
were  greater  than  in  adult  sheep,  serum  T3  was  lower  in  the 
fetal  sheep.  The  hormone  concentrations  in  the  fetal  sheep 
changed  to  be  similiar  to  the  adult  levels  shortly  after 
birth,  this  indicates  that  the  metabolism  of  of  T3,  T4  and 
rT3  are  not  independent.  TETRAC  which  is  associated  with 
regulation  of  cyclic  nucleotide  di phosphoes terase ,  has  been 
to  lower  blood  cholesterol  (Ramsden  1977).  There  has  been  no 
report  on  the  role  of  TRIAC  in  the  regulation  of  metabolism. 
Likewise,  no  reports  have  been  made  on  the  role  of  3',3-T2, 
a  deiodination  product  of  both  T3  and  rT3  (Chopra  et  al 
1978;  Nakamura  et  al,  1978).  The  mechanisms  by  which  thyroid 
hormones  control  metabolism  are  reviewed  and  discussed  by 
Bernal  and  Refetoff  (1977)  and  Oppenhiemer  et  al  (1975).  The 
sulfonic  and  glucuronic  acid  conjugates  of  thyroid  hormones 
are  produced  and  excreted  by  both  the  kidneys  and  liver. 

They  are  net  normally  found  in  the  blood  and  probably  are 
nonabsorbable  (by  tissue  cr  protein)  excretion  products  of 
thyroid  hormones  (Ramsden  1977;  Shakespear  and  Burke  1976). 

In  general,  sequential  monodeiodinat ion  is  a  major  path 
of  thyroid  hormone  metabolism  (Rudolf  et  al,  1976).  The 
processes  are  probably  not  random  but  are  controlled  and 
catalysed  by  specific  enzymes  that  produce  specific  products 
(Ramsden,  1977;  Soffer  et  al,  1973). 


' 
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-------  MIMICS  OF  thyroid  hormones  in  domestic  animals 

The  kinetics  of  thyroid  hormones,  particularly 
disappearance  rate,  have  teen  investigated  by  a  number  of 
researchers.  Some  of  their  results  are  shown  in  Table  1. 
Commonly  used  par  a me  ters  utilized  in  studies  of  thyroid 
hormone  kinetics  are  metabolic  clearance  rate  (MCR) ,  a 
measurement  of  the  rate  at  which  blood  is  cleared  of  the 
hormone;  half-life  (T1/2),  the  time  reguired  for  one  half  of 
the  hormone  to  be  removed  from  circulation;  turnover  (t) , 
the  length  of  time  an  average  molecule  of  the  hormone  stays 
in  the  pool;  and  disappearance  rate  constant  (k) ,  the 
fraction  of  total  hormone  that  disappears  per  unit  of  time. 
The  relationship  of  these  parameters  are  T 1/2=  (.  693) / (k)  and 
t= (1 . 44) T 1/2.  MCR  is  not  readily  converted  to  the  other 
parameters  because  the  hormone  outside  the  circulatory 
system  is  not  directly  involved. 

All  values  in  Table  1  were  obtained  by  using  isotope 
tracer  techniques.  These  methods  require  that  the 
radioactivity  be  isolated  or  separated  so  that  only  the 
compound  of  interest  is  counted.  As  mentioned  previously, 
deiodination  is  the  major  path  of  thyroid  hormone 
metabolism.  Therefore,  when  iodine  labelled  thyroid  hormones 
are  used  in  kinetic  studies,  iodide  must  be  removed  prior  to 
counting  of  activity.  Since  deiodination  occurs  one  step  at 
a  time,  metabolites  would  be  present,  which  also  should  be 
removed. 

In  previous  studies  some  methods  used  to  determine  the 


Table  1  Estimates  of  disappearance  rate  of  triiodothyronine  (T3)  and  thyroxine  (T4) 
in  sheep  and  pigs 
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radioactivity  of  the  labelled  hormone  were  total 
radioactivity  of  radioactive  iodine  in  unextracted  serum  or 
plasma,  extraction  of  the  labelled  hormone  with  butanol  or 
precipitation  with  trichloroacetic  acid,  Evans  and  Ingram 
(1977)  and  Ingram  and  Kaciuba-Oscilko  (1977)  used  the  total 
radioactivity  of  radioactive  iodine  in  unextracted  plasma 
method,  Dussault  et  al,(1975)  and  Chopra  et  al  (1975) 
extracted  labelled  hormones  with  butanol,  Yousef  and  Johnson 
(1968)  and  Sanchez  and  Evans  (1972)  used  trichloroacetic 
acid  precipitated  protein.  None  of  these  methods  are 
completely  satisfactory,  least  of  all  total  radioactivity  of 
radioactive  iodine  in  unextracted  serum  or  plasma.  As 
butanol  extraction  removes  iodide,  this  method  would  give 
more  reliable  results  than  total  radioactivity.  However,  the 
deiodinated  products  would  still  be  present,  TC A 
precipitation  removes  iodine  bound  to  proteins.  This  too 
would  contain  the  metabolites  of  the  thyroid  hormones.  In 
addition,  the  denaturaticn  of  the  proteins  may  cause  a 
change  in  affinity  for  the  thyronines.  Theoretically  the 
ideal  method  would  be  one  that  specifically  isolates  the 
hormones  so  that  each  one  could  be  counted  individually. 
Chromatography  is  one  method  that  has  the  potential  to  do 
this. 

The  literature  values  included  in  Table  1  are  intended 
to  show  that  several  factors  can  influence  disappearance 
rate  of  thyroid  hormones.  These  include  physiological  state 
of  the  animal,  (i.e.  fetal  or  mature),  thermal  factors. 


Table  2  Estimate  of  serum  concentrations  of  thyroxine  (T4)  and  triiodothyronine  (T3)  in 
sheep  exposed  to  various  ambient  temperatures  and  offered  various  rations 
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energy  intake,  species  and  hormone  in  question  i.e.  T3,  T4 
etc.  Another  factor  that  can  influence  the  apparent 
disappearance  rate  is  the  method  used  for  their 
determination  (as  indicated  above). 

Seme  of  the  effects  of  different  types  and  amounts  of 
rations  and  ambient  temperatures  are  illustrated  in  Table  2. 
thyroid  hormones  in  sheep  on  various  experimental 
treatments.  Data  in  this  table  illustrate  that  ambient 
temperature,  food  intake  and  type  of  food  cause  changes  in 
the  circulating  concentrations  of  both  T3  and  T4.  The 
concentration  of  these  hormones  increases  as  ambient 
temperature  decreases.  T4  concentrations  decrease  when  food 
intake  is  limited.  The  effect  of  limited  food  intake  on  T3 
concentrations  in  sheep  has  not  been  reported.  Westra  and 
Chistopherson  (1976)  indicated  that  sheep  recieving  a 
pelleted  hay  ration  have  higher  circulating  concentrations 
of  both  T3  and  T4  than  do  sheep  receiving  a  hay  ration. 

In  humans,  symptoms  of  hyperthyroidism  include 
increased  appetite,  weight  loss  and  diarrhea.  Hypothyroidism 
results  in  the  opposite  symptoms,  that  is  there  is  often 
decreased  appetite,  weight  gain  and  constipation  (Merck 
Mannual  1972).  These  symptoms  may  be  brought  about  by  the 
influence  of  thyroid  hormones  on  basal  metabolic  rate  and 
gastrointestinal  motility.  More  complete  discussions  of 
these  topics  can  be  found  in  the  reviews  by  Eamsden  (1977), 
Harland  and  Orr  (1975)  and  Levin  (1969). 

The  effects  of  fasting  and  starvation  on  thyroid  status 
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m  humans  has  been  reviewed  by  Ramsden  (1977)  and  discussed 
by  Azizi  (1978),  Lee  et  al  (1977)  and  Visser  et  al  (1978). 
Generally,  a  depression  of  circulating  levels  of  T3  results 
from  starvation,  fasting  during  dieting  and  psychological 
conditions  such  as  anorexia  nervosa  (which  causes  severe 
loss  of  appetite) . 

0.1. 2.5  EFFECT  OF  HORMONES  ON  THE  RDMEN  MICRCBIOTA 

The  possibility  that  mammalian  hormones  may  affect  the 
metabolism  of  the  rumen  microbiota  has  not  been  extensively 
investigated.  In  1970  C'Ccnnor  et  al  reported  that  the 
steroids  diethylstilbestrol ,  desoxycortisone ,  hydrocortisone 
met handrotenalone ,  prednisolone  and  testosterone  had  very 
little  effect  on  the  products  of  rumen  microbial  metabolism. 
However  they  reported  that  melangesterol  acetate  increased 
volatile  fatty  acid  production.  The  significance  of  this  is 
unclear  as  no  statistical  data  were  reported.  The  only 
evidence  that  thyroid  hormones  may  affect  microbial 
metabolism  was  reported  by  Biswas  (1975)  who  found  that 
0 . 001$  T4  acted  as  a  growth  stimulant  for  Escherichia  coli. 
It  is  unlikely  that  under  in  vivo  conditions  a  concentration 

of  0.001%  T4  would  ever  occur. 

It  is  known  that  thyroid  hormones  can  enter  the  hind 
gut  of  sheep  (Irvine  1974),  but  it  is  not  known  if  they  can 
enter  the  rumen.  Miller  et  al,  (1975)  reported  that  5%  of  a 
labelled  dose  of  T4  could  be  detected  in  the  abomasum  of 


cows. 
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0i2  CHAPTER  2  J.  EFFECT  OF  FEED  LEVEL  CN  TRIIODOTHYRONINE  AND 
THYROXINE  SERUM  CONCENTR ATI CN  AND  TRIIODOTHYRONINE 
DISAPPEARANCE  RATE  AND  DISTRIBUTION  VOLUME  IN  SHEEP 

0.2^1  ABSTRACT 

One  year  old  rumen-f istulated  ewes  were  fed  rations 
that  corresponded  to  near  maintenance  or  twice  maintenance. 
Potassium  iodide  was  administered  intraruminally  to  limit 
iodine  recycling  through  the  thyroid.  After  adaption  to 
experimental  conditions,  indwelling  catheters  were  placed  in 
each  jugular  vein.  Serum  samples  for  triiodothyronine  (T3) , 
thyroxine  (T4) ,  and  iodine  determination  were  collected.  A 
tracer  dose  of  1-125  labelled  T3  was  injected  into  one 
catheter  and  serial  blood  samples  (for  serum  preparation) 
were  taken  from  the  other.  Total  radioactivity  of  the  serum 
samples  was  determined,  and  radioactivity  in  the  T3  portion 
was  determined  after  separation  of  the  radioactive  fractions 
by  thin  layer  chromatography  of  ethanol  extracts  of  the 
serum.  Serum  T3  and  T4  concentrations  were  determined  by 
radioimmunoassay  and  iodine  concentration  was  determined  by 
a  chemical  method.  Dry  matter,  energy  and  protein 
digestibility  were  also  determined. 

Serum  T3  and  T4  concentrations  in  the  animals  on  the 
maintenance  and  twice  maintenance  levels  of  feed  intake  were 
not  significantly  different.  Serum  iodine  concentrations 
were  24.6  and  15.9  ug/IOOml  (P<0. 05) .  Digestibilities  of 

50.3%  and  41.7%  and  digestibilities  for  protein 


energy  were 
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were  71.6%  and  64.3%,  (P<0.01).  Dry  matter  digestibilities 
were  not  signif icant ly  different.  Disappearance  rate  of  T3 
in  animals  on  each  treatment  was  not  significantly 
different.  Distribution  volume  of  T3  was  signif ican 1 1 y 
greater  (P<0.05)  in  the  sheep  fed  at  the  higher  level. 

0^2.2  INTRODUCTION 

Thyroid  hormones  are  known  to  alter  several  parameters 
of  digestive  function.  These  include  gut  fill,  rate  of 
passage,  voluntary  feed  intake  and  digestibility  (Miller  et 
al,  1974;  Kennedy  et  al,  1977).  The  effect  of  level  of  feed 
intake  on  thyroid  status  is  not  as  well  known.  It  has  been 
shown  that  starvation  and  fasting  cause  reductions  in 
circulating  T3  levels  in  humans  (Azizi,  1978;  Lee  et  al, 
1978;  Visser  et  al,  1978).  Sanchez  and  Evans  (1972)  found 
that  when  sheep  had  their  ration  sharply  reduced  there  was  a 
transitory  decrease  in  T4  secretion  rate.  Similiar  results 
were  also  found  in  rats  (Yousef  and  Johnson,  1968),  and 
goats  (Abdullah  and  Falconer,  1977). 

The  purpose  of  the  experiment  was  to  determine  if  T3 
disappearance  rate,  distribution  volume  or  serum 
concentration  could  be  influenced  by  two  levels  of  feed 
intake  that  are  considered  to  be  normal  and  of  common  usage. 
Other  parameters  that  were  measured  are  serum  iodine  and  T4 
concentration,  and  digestibility  of  dry  matter,  protein  and 


energy. 
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0-2.3  METHODS  AND  MATERIALS 

Six  yearling  Suffolk  cross  ewes  (27-38  kg)  with 
permanent  rumen  fistulae  were  allotted  to  two  treatment 
groups  in  three  separate  time  periods  (Periods  1,2  and  3). 
The  same  four  sheep  were  used  in  Periods  1  and  2,  in  each  of 
these  periods  there  were  two  sheep  in  each  treatment  group. 
Two  additional  sheep  were  used  in  Period  3,  one  in  each 
treatment  group.  The  feed  intake  in  the  two  treatments  was 
calculated  to  be  near  maintenance  and  twice  maintenace  (760 
and  1520  g  alfalfa  pellets  per  day.  National  Academy  of 
Sciences,  1975).  The  food  was  dispensed  in  equal  hourly 
portions  by  an  automatic  feeding  system.  Water  was  available 
at  all  times.  After  an  initial  loading  dose  of  15  mg  KI 
administered  irtraruminally  on  two  consecutive  days,  the 
sheep  were  given  daily  doses  of  1.5  mg  KI  to  limit  iodine 
recycling  through  the  thyroid  gland.  In  addition,  daily 
doses  of  2.0  g  NaCl  were  given.  Lighting  was  continuous  and 
temperature  was  maintained  at  22-25  C.  At  least  three  weeks 
of  adaptation  were  allowed  to  elapse  before  the  sample 
collections  were  commenced. 

After  the  adaption  period,  the  sheep  were  prepared  for 
the  actual  experiment.  On  the  day  before  the  start  of 
collection  of  samples,  one  indwelling  catheter  was  placed  in 
each  jugular  vein  of  the  sheep.  Serum  samples  for  T3,  T4  and 
iodine  determination  were  collected  for  one  week.  Feces  were 
also  collected  for  determination  of  digestibility.  Bladder 
catheters  were  then  placed  in  the  sheep  that  were  to  receive 
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1-125  labelled  T3  for  determination  of  T3  disappearance  rate 
and  T3  distribution  volume.  The  bladder  catheters  were 
removed  72  hours  after  the  injection  of  the  label.  In  order 
to  prevent  bladder  and  kidney  infections  the  sheep  were 
given  intramuscular  injections  3  ml/d  of  a  combination  of 
penicillin  and  streptomycin  (Ccmbiotic,  Pfizer). 

Iodine-125  labelled  T3  (specific  activity  878  uCi/ug 
for  Period  1 ,  1091  uCi/ug  for  Periods  2  and  3)  obtained  from 
New  England  Nuclear,  was  diluted  with  an  approximately  egual 
volume  of  autogenous  serum;  heparinized  saline  was  used  to 
dilute  the  mixture  to  a  total  volume  of  approximately  10  ml. 
The  exact  dose  of  radioactivity  injected  into  each  animal 
was  determined  from  the  weight  of  the  injectate  and  from  the 
radioactivity  of  a  1/1000  dilution  of  the  injectate.  Purity 
of  the  injectate  was  determined  by  chromatography  and  found 
to  be  90^  T 3  with  less  than  5 %  iodide  in  all  cases.  After 
injection  of  the  labelled  hormone,  serial  blcod  samples  were 
collected  from  the  contralateral  catheter  for  the 
preparation  of  serum,  which  was  then  stored  (for  less  than 
two  months)  at  -20  C  until  analysis  was  done. 

Dry  matter  of  feed  was  determined  by  drying  feed 
samples  at  110  C  for  3  h.  Dry  matter  of  feces  was  determined 
by  drying  samples  in  a  forced  air  oven  at  65  C  for  48  h. 
Energy  content  of  dried  samples  was  determined  using  a  Parr 
oxygen  bomb  calorimeter.  Nitrogen  was  determined  by  the 
Kjeldahl  method  (Association  of  Official  Agricultural 
Chemists,  1975) . 
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Serum  concentrations  of  T3  and  T4  were  determined  by 
radioimmunoassay  (Chopra  et  al,  1972;  Calbiochem  1975)  ; 
unbound  label  was  removed  with  dextran  coated  charcoal,. 

Serum  iodine  was  determined  by  the  Hycel  Cuvette  PBI 
technique  (Reduction  of  CelV  to  Celll  by  AsIII,  Hycel  Inc 
1974) . 

Total  radioactivity  in  all  samples  was  determined  with 
an  automated  gamma  counter  (Beckman  Biogamma)  set  for 
maximum  efficiency.  Labelled  components  in  serum  were 
extracted  with  ethanol  by  a  modification  of  the  method  of 
Patel  and  Burger,  (1973).  The  procedure  was  as  follows: 
0.0003  g  of  each  of  T3,  T4  and  KI  in  0.10  ml  0.04N  NaCH  were 
added  to  0.50  ml  of  serum.  The  samples  were  mixed  with  a 
vortex  mixer  for  15  seconds.  After  the  mixing  they  were 
cooled  on  ice  for  15  minutes,  1.20  ml  95%  ethanol  was  added, 
samples  were  mixed  with  the  vortex  mixer  for  60  seconds  and 
centrifuged  at  1190xg  at  room  temperature  for  10  minutes. 

The  supernatant  was  removed  and  0.10  ml  of  it  was  used  for 
the  chromatographic  separation  of  1-125  containing 
compounds.  This  method  of  extraction  removed  92%  of  tracer 
doses  of  T3  added  to  serum.  There  were  no  indications  of 
preferential  extraction  of  either  T3  or  iodide. 

The  thin  layer  chromatography  (TLC)  plates  (silica  gel 
G,  manufactured  by  Macherey-Nagel  of  Duren,  Germany)  and 
solvents  (t-amyl  alcohol ; methanol ; hexane ; 4  N  ammonium 
hydroxide,  6;2; 1; 1)  corresponded  to  those  used  by  Latham  et 
al,  (1976)  .  The  organic  solvents  were  redistilled  in  a  glass 
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still  and  the  anmonium  hydroxide  was  prepared  with  distilled 
water.  The  solvent  was  changed  prior  to  each  run.  T3  and  T4 
were  located  by  ultraviolet  light  (254  nm)  guenching.  Iodide 
was  located  by  spraying  the  chromatograph  with  0.1% 
palladium  chloride  in  dilute  HC1  which  caused  the  iodide  to 
appear  as  a  dark  area.  Separation  of  T3,  T4  and  some  other 
thyroid  hormones  are  shown  in  Figure  1.  Each  chromatograph 
was  divided  into  ter  bands,  each  band  was  removed  from  the 
TLC  plate  and  its  radioactivity  determined.  Tests  were 
conducted  to  determine  if  the  silica  gel  from  the  TLC  plates 
or  residues  from  the  chromatography  reduced  counting 
efficiency.  The  results  showed  that  there  was  no  loss  of 
efficiency. 

The  fraction  of  the  total  1-125  radioactivity  (on  the 
plate)  in  each  band  was  determined.  T3  specific  activity  was 
determined  by  multiplying  the  fraction  cf  the  radioactivity 
in  each  sample  that  migrated  as  T3  by  the  total  1-125 
radioactivity  per  ml  of  serum  in  the  corresponding  sample. 
When  the  counts  in  the  T3  bands  fell  below  the  number 
required  for  counting  a  accuracy  of  7%  (this  limit  was 
equivalent  ot  approximately  2000  cpm  of  1-125  T3  in  one  ml 
of  serum)  in  any  sample  in  a  period,  no  further  values  from 
that  animal  or  the  others  in  that  period  were  used  for 
calculation  of  disappearance  rate  and  distribution  volume. 

In  Period  1  this  occurred  in  the  24  h  samples,  in  Period  2 
in  the  17  h  samples  and  in  Period  3  in  the  24  h  samples- 

The  disappearance  rate  and  distribution  volume  cf  T3 
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in  a  serum  extract.  Illumination  is  by  incandescent  light. 
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for  each  sheep  was  determined  by  linear  regression  of  the 
natural  log  of  the  calculated  T3  specific  activity  against 
time.  Distribution  volume  was  estimated  by  extrapolating  to 
determine  the  time  zero  specific  activity  of  serum  and 
calculating  the  volume  of  serum  that  would  be  required  to 
contain  the  injected  dose  of  radioactivity.  Values  used  for 
the  calculation  of  disappearance  rate  and  distribution 
volume  were;  Period  1,  2.25-24  h  (6  values,  some  samples 
were  lost  when  tubes  in  a  centrifuge  broke) ;  Period  2,  (2-24 
h,  6  values);  Period  3,  2-24  h,  (7  values). 

The  values  chosen  for  the  estimation  of  disappearance 
rate  constant  and  distribution  volume  were  based  on  the  data 
from  the  second  and  third  periods.  The  reason  for  this  was 
that  seme  of  the  samples  from  the  first  period  were  lost. 

Two  criteria  were  used  to  determine  acceptibility  of  values, 
the  first  was  that  there  must  be  sufficient  radioactivity 
present  for  counting  accuracy,  this  criterion  eliminated  all 
values  beyond  the  24  h  samples.  Secondly,  the  samples 
collected  between  time  zero  and  2  h  were  not  used  because 
this  period  was  considered  to  represent  the  mixing  phase  and 
therefore  does  not  represent  disappearance  of  the  hormone 
from  the  sheep.  The  decision  to  use  values  between  2  and  24 
h  was  initially  made  on  the  basis  of  graphical  analysis,  it 
was  later  verified  statistically.  The  method  used  for  the 
y 0 f ica t ion  was  to  calculate  the  probability  (for  each 
animal)  of  a  difference  between  the  observed  and  predicted  2 
h  (based  on  regression  analysis).  These  probabilities  were 
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then  combined  by  the  methods  described  in  Sokal  and  Eohlf 
(1969).  It  was  found  that  the  combined  probabilities  were 
not  statistically  significant.  Similiar  calculations  on  the 
1  h  samples  showed  that  the  observed  radioactivity,  for  all 
animals,  was  greater  than  the  predicted  by  at  least  one 
standard  deviation.  This  indicates  that  at  1  h  the  labelled 
hormone  was  not  completely  distributed  through  the  tissues 
of  the  sheep.  Fractional  disappearance  rates  for  total  1-125 
radioactivity  in  unextracted  serum  over  the  same  time  period 
as  was  used  for  T3  and  over  the  entire  collection  period 
were  also  calculated  (the  actual  time  over  which  this  was 
calculated  was  not  the  same  in  each  period,  see  Appendix  1) . 

In  Period  1,  T3,  T4  and  I  concentrations  in  serum  and 
digestibility  of  protein,  dry  matter  and  energy  were 
determined  in  two  animals  on  each  treatment.  T3 
disappearance  rate  and  distribution  volume  was  determined  in 
one  animal  on  each  treatment.  In  Period  2  all  of  the  above 
parameters  were  determined  in  two  animals  in  each  treatment. 
In  Period  3,  there  was  only  one  animal  on  each  treatment. 
Also  in  Period  3,  serum  samples  were  not  collected  for  1 
week  prior  to  the  day  of  injection  of  1-125  T3,  therefore 
serum  T3,  T4  and  I  concentrations  were  not  used  in  the 
statistical  analyses.  See  Tables  3  and  4  for  identification 
and  treatment  of  individual  animals  during  the  three 


periods. 
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0. 2.4  EE  SPITS 

In  this  experiment  potassium  iodide  was  administered  to 
the  animals  to  inhibit  recycling  of  1-125  through  the 
thyroid  gland.  Irvine  (1975)  considered  this  method  to  be 
acceptable  since  it  does  not  alter  the  kinetics  of  thyroid 
hormones.  No  1—125  was  detected  with  T4  during 
chromatography  of  serum  samples,  therefore  it  was  assumed 
that  there  was  no  recycling  of  iodine  from  T3.  Since  the 
experiment  was  carried  out  in  three  periods  the  sheep  in 
each  period  were  administered  KI  prior  to  the  start  of  each 
period  for  varying  lengths  of  time  (from  3  weeks  to  17 
weeks) .  It  is  believed  that  this  may  have  seme  importance 
during  the  interpretation  of  the  results.  Samples  were 
processed  within  two  months  of  collection  with  most  being 
processed  in  a  month. 

Dry  matter  digestibility,  serum  T3  and  T4 
concentrations  were  not  significantly  different  in  animals 
on  the  two  treatments  (Table  3),  nor  was  serum  total  1-125 
radioactivity  or  T3  associated  label  disappearance  rate 
(calculated  from  values  obtained  between  2  and  17  or  24  h 
post  injection  of  1-125  T3) .  Figure  2  shows  a  plot  of  serum 
total  1-125  radioactivity  and  T3  associated  label  between  2 
and  17  hours  post  injection  of  1-125  labelled  T3  from  a 
represent  it ive  sheep  in  Period  2.  Animals  on  the  twice 
maintenance  ration  had  significantly  more  rapid  total  1-125 
radioactivity  disappearance  rate  (from  2  h  post  injection  of 
1-125  T3  to  the  end  of  the  collection  in  each  period),  lower 
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HOURS  AFTER  INJECTION 


Figure  2  Serum  total  1-125  radioactivity  (4)  and  1-125 

triiodothyronine  radioactivity  (x)  after  an  intra¬ 
venous  injection  of  1-125  triiodothyronine  in 
sheep  8288  during  Period  2 
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HOURS  AFTER  INJECTION 


Figure  3  Total  serum  1-125  radioactivity  after  an  intra¬ 
venous  injection  of  1-125  triiodothyronine  in 
sheep  8288  which  was  fed  760  g/d  (4)  and  sheep 
8254  which  was  fed  1520  g/d  (x) 
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serum  iodine  and  a  larger  T3  distribution  volume  (Tables  3 
and  4) .  Digestibility  of  energy  and  protein  was 
significantly  lower  in  the  sheep  on  the  high  level  of  food 
intake.  From  Figure  2  it  is  apparent  that  there  is  a 
divergence  of  total  1-125  radioactivity  and  T3  label, 
although  in  this  data,  the  difference  in  the  disappearance 
rate  of  T3  and  total  1-125  radioactivity  during  the  first  24 
h  is  not  significant. 

The  disappearance  rates  of  total  1-125  radioactivity 
from  the  sheep  in  the  two  treatment  groups  were 
significantly  different.  Figure  3  shows  a  plot  cf  total 
1-125  radioactivity  between  2  and  156  hours  post  injection 
in  two  representitive  sheep  from  Period  2.  From  this  figure 
it  is  apparent  that  first  order  kinetics  do  not  apply  with 
validity  to  total  1-125  radioactivity.  However,  first  order 
kinetic  analyses  were  done  simply  to  show  that  there  was  a 
treatment  effect  on  disappearance  of  total  1-125 
radioactivity. 

0^2.5  DISCUSSION 

When  1-125  T3  is  metabolized  by  the  body,  the  products 
contain  1—125.  In  order  to  calculate  the  true  disappearance 
rate  of  T3  these  metabolic  products  must  be  removed  or  the 
T3  must  be  isolated.  Methods  that  have  been  used  in  the  past 
with  1-125  or  1-131  labelled  T3  or  T4  include  precipitation 
of  protein  with  trichloroacetic  acid,  butanol  extraction 
(this  may  or  may  not  be  followed  by  alkaline  wash)  or  simply 
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using  total  radioactivity  of  radioactive  iodine  in 
unextracted  serum  or  plasma  (Chopra  et  al,  1975;  Dussault  et 
— - •  1972;  Sanchez  and  Evans,  1972;  Evans  and  Ingram,  1977; 
Ingram  and  Kaciuba-Uscilko,  1977).  The  method  used  in  this 
experiment  has  the  advantage  of  being  more  specific  than  any 
of  the  methods  mentioned  above.  From  Figure  1  it  can  be  seen 
that  separation  between  T3,  T4,  and  iodinated  tyrosines  was 
achieved . 

Methods  such  as  total  1-125  radioactivity  in 
unextracted  serum  or  plasma,  trichloroacetic  acid 
precipitation  and  butanol  extraction  have  the  disadvantage 
of  being  non-specific  as  they  do  not  remove  metabolites  of 
thyroid  hormones.  Tr ichloroacetic  acid  precipitation  and 
butanol  extraction  remove  most  if  not  all  of  the  iodide,  a 
major  metabolite  of  thyroid  hormones.  However,  other 
metabolites  which  may  be  protein  bound  are  not  removed.  In 
these  experiments  the  mean  of  the  disappearance  rate  of 
total  1-125  radioactivity  over  the  first  24  hours  was  longer 
than  that  cf  T3.  From  Figure  2  it  is  apparent  that  the 
curves  representing  T3  and  total  1-125  radioactivity  are  not 
the  same.  When  this  is  related  to  what  is  known  about 
thyroid  hormone  metabolism,  it  is  obvious  that  metabolites 
of  the  hormone  must  be  removed  or  the  hormone  isolated.  This 
observation  is  in  agreement  with  the  conclusions  of  Eudolf 

et  al ,  (1976)  . 

Although  in  the  present  study  significant  treatment 
effects  were  seen  in  the  serum  iodine  concentrations. 
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caution  should  be  used  when  extrapolating  this  to  situations 
where  iodine  intake  is  not  highly  elevated.  It  is  not  known 
if  the  treatment  effects  would  have  been  observed  if  no 
exogenous  iodine  had  been  administered. 

T3  distribution  volume  is  a  kinetic  parameter  that 
varies  proportionally  with  tissue  binding  of  the  hormone.  It 
is  expressed  as  a  percent  of  body  weight,  in  this  case  it 
corresponds  to  the  equivalent  weight  of  serum  that  would  be 
required  to  contain  all  of  the  initial  injected  dose  of 
1-125  T3.  Thyroid  hormone  binding  proteins  in  intracellular 
and  intercellular  space  have  higher  affinity  for  T3  than 
serum  binding  proteins  (Bernal  and  Befetoff,  1977).  This 
could  account  for  the  large  distribution  volumes.  Dussault 
et  al,  (  1972)  reported  that  pregnant  sheep  had  T3 
distribution  volumes  of  about  60%  body  weight.  Since  T3  does 
not  readily  cross  placental  membranes  in  the  maternal  to 
fetal  direction  (Dussault  et  al,  1972),  pregnant  animals 
would  be  expected  to  have  smaller  distribution  volumes  for 
the  hormone.  The  significant  differences  in  distribution 
volumes  seen  in  our  animals  may  have  been  caused  a  change  in 
affinity  of  tissue  T3  binding  proteins.  It  has  been  reported 
that  the  affinity  of  serum  T3  binding  proteins  can  be 
altered  by  cold  exposure  (Cottle  and  Ver ess,  1966).  If 
tissue  T3  binding  proteins  can  be  altered  in  a  similiar 
fashion  this  may  be  a  possible  explanation  for  the 
statistically  significant  change  in  the  distribution  volume. 

The  observed  changes  in  protein  and  energy 
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digestibility  confirm  that  there  were  changes  in  digestive 
function  due  to  the  two  levels  of  feed  intake.  Also,  these 
changes  were  not  accompanied  by  changes  in  conventional 
indices  of  thyroid  status,  that  is,  T3  or  T4  concentration 
or  T3  disappearance  rate.  These  digestibility  values  were 
low  for  this  type  of  feed  in  this  lab.  Therefore,  trials 
were  commenced  to  determine  if  high  iodide  diets  decrease 
the  digestibility  of  feeds.  The  results  were  inconclusive 
for  the  following  reasons.  Pregnant  sheep  were  used,  the 
three  treatments  were  0,  5  and  20  mg  KI  per  day  and  the 
length  of  each  period  was  only  35  days  with  no  time  between 
each  treatment  period.  Cottino  et  al  (1972)  reported  that 
three  months  was  insufficient  time  for  radioactive  iodine  to 
equilibrate  with  total  iodine  in  mouse  muscle,  therefore  it 
is  questionable  if  35  days  is  sufficient  time  fcr  iodine 
equilibration  to  be  established  in  sheep.  In  the  experiment 
conducted  for  this  thesis  the  sheep  were  fed  KI  for  3,  12  or 
17  weeks.  It  is  known  that  placental  membranes  do  actively 
remove  iodine  from  the  maternal  circulation  (Miller  et  al, 
1975)  ,  therefore  the  fact  that  these  animals  were  pregnant 
may  be  significant.  Irvine  (1975)  cites  findings  that 
indicate  5  mg  of  iodide  per  daj  may  have  a  physiologically 
to xi c  effect  on  sheep  but  he  dees  not  indicate  what  this 
0ff0ct  was  or  the  time  period  involved.  It  is  possible  that 
a  long  terra  trial  is  required  to  determine  if  1.5  mg  KI  per 
day  can  alter  digestibility  of  feed  in  sheep. 

The  cause  of  the  period  effect  on  digestibility  and 
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distribution  volumes  are  not  known,  however,  there  are  some 
possible  explanations.  Firstly,  the  animals  in  each  period 
had  been  confined  to  the  metabolic  crates  and  KI  treatment 
for  varying  lengths  of  time  prior  to  each  period.  Some  serum 
samples  were  lost  in  Period  1,  which  may  have  influenced 
calculations  of  disappearance  rate  and  distribution  volumes. 
Finally,  the  same  animals  were  used  in  Periods  1  and  2  but 
net  in  Period  3. 

In  summary,  under  the  conditions  of  the  present 
experiment  significant  changes  could  not  be  detected  in 
concentration  or  disappearance  rate  of  T3.  However,  at  the 
tissue  level  as  indicated  by  T3  distribution  volume,  there 
may  be  changes  in  T3  binding.  This  possibility  requires 
further  investigation.  It  was  also  found  that  disappearance 
rate  of  total  1-125  radioactivity  measured  from  2  h  until 
the  end  of  collection  was  significantly  different  in  animals 
on  the  two  levels  of  feed  intake.  It  is  not  known  what 
compounds  made  up  total  1-125  radioactivity  and  as  mentioned 
earlier,  first  order  kinetics  do  not  apply.  These  factors 
should  be  taken  into  account  when  interpreting  this  data. 

The  significant  differences  observed  in  total  1-125 
radioactivity  disappearance  rate  may  be  related  to  the 
different  serum  iodine  concentrations.  This  possibility  also 
requires  further  investigation. 


33 


---  -------  -  1  APPEARANCE  CF  1-125  IN  SALIVA,  JUJMEN  FLUID 

AND  FECES 

(K3.J  abstract 

Serum,  rumen  fluid,  saliva  and  feces  were  collected 
from  sheep  at  timed  intervals  after  a  single  injection  of 
1-125  triiodothyronine  (T3)  into  a  jugular  vein.  Total  1-125 
radioactivity  per  ml  was  determined  in  each  sample  and 
compounds  containing  1-125  were  separated  by  thin  layer 
chromatography  and  counted. 

T3  was  not  detectable  in  either  rumen  fluid  or  saliva, 
iodide  was  the  major  1-125  containing  fraction  in  both. 

Total  1-125  radioactivity  per  ml  of  both  rumen  fluid  and 
saliva  increased  to  equal  to  or  greater  than  total  1-125 
radioactivity  per  ml  serum  4  to  6  hours  post  injection  and 
total  1-125  radioactivity  per  ml  in  rumen  fluid  became  near 
or  greater  than  total  1-125  radioactvity  per  ml  serum  10  to 
30  hours  post  injection.  This  probably  indicates  that  the 
salivary  glands  concentrate  iodide  and  release  it  into  the 
rumen  via  saliva. 

Autoclaving  of  rumen  fluid  was  found  to  decrease  T3 
binding  and  (or)  degradation  in  rumen  fluid  in  vitro.  This 
indicates  that  the  rumen  microbiota  may  have  the  capacity  to 
metabolize  and  (or)  bind  T3. 

Iodine-125  labelled  T3  was  detected  in  feces  but  could 
not  be  quantified.  The  fecal  excretion  cf  total  1-125  varied 
between  animals.  However,  most  of  the  isotope  that  was 
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excreted  in  the  first  72  hours  appeared  in  the  feces  in  the 
first  24  hours  after  injection. 

0.3, 2  INTRODUCTION 

According  to  Slebodzinski  (1972)  the  salivary  glands  of 
sheep  concentrate  and  secrete  iodide  as  well  as  deiodinate 
triiodothyronine  (T3)  but  it  is  not  known  if  T3  as  such 
appears  in  saliva.  If  T3  is  secreted  in  the  saliva  it  would 
be  an  obvious  source  of  this  hormone  for  the  rumen.  Another 
source  would  be  direct  movement  across  the  rumen  wall.  Also, 
it  was  not  known  if  T3  could  be  altered  or  metabolized  by 
the  rumen  microbiota,  conseguently ,  even  if  T3  did  enter  the 
rumen  it  could  be  degraded  by  the  microbes  at  a  high  rate 
and  therefore  be  undetectable.  Because  of  this  possibility 
it  was  necessary  to  determine  if  T3  was  altered  by  either 
microbial  or  chemical  action  in  the  rumen,  therefore  an  in 
vitro  experiment  was  conducted. 

Iodine  may  enter  the  intestines  by  one  of  two  routes, 
firstly  as  organic  iodine  from  the  liver  and  secondly,  as 
free  iodide  either  from  the  liver  or  with  the  flow  of 
digesta  from  the  abomasum.  Thyroid  hormones  are  metabolized 
and  conjugated  in  the  liver.  Metabolites,  conjugates,  and 
free  hormones  are  secreted  into  the  bile  which  enters  the 
small  intestine.  Although  conjugated  hormones  (sulfonate  and 
glucuronate)  are  not  the  only  iodine  containing  compounds  in 
the  bile,  they  do  make  a  substantial  contribution  to  the 
total  iodine  in  the  isolated  rat  liver  (Hillier,  1972).  The 
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fate  of  conjugated  and  free  hormones  in  the  intestines  is 
not  known,  however,  it  may  be  possible  for  them  to  be 
reabsorbed  as  active  hormone  (Ramsden,  1977).  Iodine  in  the 
abomasal  flow  is  almost  entirely  in  the  form  of  free  iodide 

which  is  readily  reabsorbed  from  the  intestines  (filler  et 
al,  1975). 

0. 3. 3  METHCDS  AND  MATERIALS 

Saliva,  rumen  fluid  and  feces  were  collected  from  sheep 
which  were  fed  760  or  1520  g/d  of  alfalfa  pellets  and  had 
been  administered  1-125  labelled  T3  (see  Chapter  2  for 
details) .  Serial  saliva  samples  were  collected  by  the 
methods  of  Kennedy  and  Milligan  (1978)..  The  saliva  was 
allowed  to  sit  for  a  few  minutes  until  food  particles 
settled,  the  supernatant  was  then  removed  and  stored  at 
-20  C  until  analyses.  Rumen  fluid  was  collected  with  a  50  ml 
syringe  that  was  attached  to  a  piece  of  vinyl  tubing  (30  cm 
long)  which  was  inserted  through  the  fistula.  The  rumen 
fluid  was  centrifuged  at  27,000xg  for  15  minutes,  the 
supernatant  was  then  removed  and  stored  at  -20  C  until 
analyses.  Analyses  for  both  rumen  fluid  and  saliva  consisted 
of  determination  of  total  radioactivity  and  thin  layer 
chromatography  to  identify  labelled  fractions. 

For  the  in-vitro  experiment,  rumen  fluid  from  a  rumen 
f istulat ed  sheep  that  was  not  part  of  the  previously 
described  study  (fed  500  g  brome  hay  plus  50  g  glucosyl  urea 
twice  each  day)  was  used.  Rumen  fluid  was  collected  as 
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described  previously  and  strained  through  a  single  layer  of 
cheesecloth  into  an  insulated  flask.  Exposure  of  the  rumen 
fluid  to  air  was  kept  to  a  minimum,  the  head  gas  in  the 
flask  was  displaced  with  nitrogen  gas  for  transportation  to 
the  laboratory.  In  the  laboratory,  the  rumen  fluid  was 
anaerobically  diluted  (1:1)  with  reduced  (sufficient  sodium 
^ ^ ionite  to  reduce  resazurin,  a  redox  indicator)  phosphate 
buffer  (pH  6.5,  0.2  M)  containing  sufficient  maltose  and 
glucose  to  give  a  final  concentration  of  0.25%  of  each.  Ten 
milliliter  aliquots  were  dispensed  into  40  ml  screw  cap 
tubes.  One-half  of  the  tubes  were  autoclaved  at  110  C  for  20 
minutes.  labelled  T3  (1091  uCi/ug,  90%  pure)  was  added  to 
all  tubes  in  sufficient  amounts  to  provide  7500  cpm  per 
milliliter.  Incubation  was  carried  out  in  duplicate  at  38  C 
for  0,  0.33,  0.66,  1,  1.5,  2,  and  2.5  hours.  After 
incubation  a  drop  of  chloroform  was  added  to  each  tube  and 
they  were  immediately  centrifuged  at  27,000xg  for  15 
minutes.  The  supernatants  were  removed  and  stored  at  -20  C 
until  chromatography  was  done. 

Saliva  was  chromatographed  in  the  same  manner  as  was 
serum  (see  Chapter  2).  Rumen  fluid  and  samples  from  the 
in-vitro  experiment  were  chromatographed  directly.  The 
method  used  was  to  add  15  ug  each  of  T3,  T4  and  KI  to  a  0.10 
ml  sample.  This  solution  was  applied  directly  to  a  TLC 
pla^Q.  For  some  samples  it  was  necessary  to  use  less  than 
0.10  ml  of  rumen  fluid  because  of  large  amounts  of  dissolved 
or  suspended  material  in  the  sample  which  caused  poor 


separation.  TLC  plates  and  solvents  have  been  described  in 
Chapter  2. 
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Fecal  samples  were  mixed  and  1.0  g  subsamples  were 
obtained  for  analyses  of  labelled  compounds.  Total  1-125 
radioactivity  was  determined  in  wet  samples  that  had  been 
crushed  and  mixed.  Dried  samples  were  not  used  to  avoid 
generation  of  1-125  contaminated  dust  during  grinding. 
Labelled  fractions  in  the  feces  were  extracted  from  1. 0  g  of 
wet  sample  by  washing  it  once  with  5  ml  of  phosphate  buffer 
(pH  6.5,  0.2  M)  containing  0.1%  Triton  X100  and  then 
centrifuging  the  mixture  at  27,000xg  for  10  minutes.  This 
procedure  was  repeated  two  more  times  using  3  ml  of  the 
buffer  solution  after  which  the  supernatants  were  pooled. 
This  method  of  extraction  removed  about  30%  of  the  total 
1-125  radioactivity  from  feces.  The  unextracted  labelled 
compounds  were  not  identified.  The  pooled  extracts  were 
chromatographed  in  the  same  manner  as  rumen  fluid. 

0^3.4  RESULTS 

There  was  no  detectable  T3  in  either  rumen  fluid  or 
saliva.  Host  of  the  label  in  these  samples  chromatographed 
as  iodide  although  rumen  fluid  samples  did  not  have 
sufficient  radioactivity  for  accurate  quantitative  analyses. 
Total  radioactivity  and  iodide  associated  radioactivity  for 
saliva  and  rumen  fluid  are  reported  in  Appendices  2  and  3. 

As  can  be  seen  from  Figure  4  and  Appendices  1  and  2,  serum 
total  radioactivity  was  consistently  lower  than  was  saliva 
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HOURS  AFTER  INJECTION 

Figure  4  Saliva  (*)  and  serum  (^)  total  1-125  radioactivity 
after  injection  of  L-125  triiodothyronine  in 
sheep  8288  during  Period  2 
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Figure  5  Rumen  fluid  total  1-125  radioactivity  from 
sheep  8288  which  was  fed  760  g/d  (*)  and 
sheep  8254  which  was  fed  1520  g/d  (*)  and 
serum  total  1-125  radioactivity  from  sheep 
8288  (.A)  and  8254  (>r)  after  an  intravenous 

injection  of  1-125  triiodothyronine  during 
Period  2 


TRIIODOTHYRONINE 
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Figure  6  Fraction  of  1-125  triiodothyronine  in  autoclaved  (4 )  and 
unautoclaved  (x)  rumen  fluid  during  an  iri  vitro 
experiment 
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total  radioactivity  after  an  initial  equilibration  period 
(0  6  h)  .  Total  radioactivity  in  rumen  fluid  also  was  near  or 
higher  than  that  of  serum  after  a  period  of  10-30  h.  It  also 
appeared  as  though  total  radioactivity  was  more  concentrated 
in  the  rumen  of  the  sheep  receiving  the  maintenance  ration 
than  in  the  rumen  of  the  sheep  recieving  the  twice 
maintenance  ration.  This  is  illustrated  graphically  in 
Figure  5  using  representative  sheep  from  each  treatment 
group  during  Period  2. 

From  Figure  6  it  can  be  seen  that  unautoclaved  rumen 
fluid  has  the  ability  to  alter  T3.  A  paired  t-test  showed 
that  the  fraction  of  T3  at  time  0  in  the  autoclaved  rumen 
fluid  was  significantly  (P>0.05)  greater  than  in  the 
unautoclaved  rumen  fluid.  This  indicates  that  there  is  some 
factor  in  rumen  fluid  that  prevents  a  fraction  of  the  T3 
from  migrating  as  T3  and  this  factor  is  destroyed  by 
autoclaving.  This  may  have  been  due  to  binding  or  metabolism 
of  T3  in  the  rumen  fluid. 

The  excretion  of  total  1-125  radioactivity  in  feces 
during  the  first  72  hours  after  injection  of  the  hormone  was 
highly  variable  (range  6.8%  to  89.7%,  average  47.6%  the 
total  dose.  (See  Table  5  and  Appendix  4).  Most  (>60%)  of  the 
label  that  was  excreted  in  feces  during  the  first  72  h 
appeared  in  the  first  24  h.  No  statistical  analyses  were 
performed  because  of  the  variability  between  animals  and 

periods. 

The  extraction  method  was  too  inefficient  tc  allow 


Table  5  Accumulation  of  1-125  in  feces  from  sheep  fed  alfalfa  pellets  at 
760  g/d  or  1520  g/d,  1 . 5  mg  KI  was  injected  intraruminally  each 
day.  1-125  was  injected  intravenously  at  time  zero  as 
1,100,000,000  cpm  1-125  triiodothyronine  of  90%  purity 


42 


•P 


£ 

a 

o 

o 

o 

o 

< 

o 

o 

o 

o 


X 


0) 

+> 

g 

g 

o 

o 

t 

a) 

4-> 

d 

r— I 

P 

I 

o 

o 

< 


CM 

O' 


O 

LO 


CM 


LO 

CO 

i — 1 

O' 

O 

o> 

LO 

LO 

LO 

LO 

OL 

LO 

CO 

O' 

co 

LO 

ID 

CTi 

f" 

rH 

CM  CM 


rH 

LO 

1 — 1 

co 

LO 

LO 

co 

LO 

ro 

CO 

1 — 1 

O' 

CO 

CM 

O' 

CO 

O' 

LO 

LO 

a\ 

1 - 1 

LO 

CO 

LO 

CM 

CM 

1 - 1 

rH 

• 

• 

• 

• 

• 

• 

• 

• 

cr\ 

00 

LO 

O' 

LO 

O' 

o 

LO 

CM 

LO 

00 

00 

LO 

r— 1 

0 

> 

0 


i — i ' — • 

tn 

O 

o 

o 

O 

o 

o 

o 

o 

g 

LO 

0M 

LO 

CM 

LD 

CM 

LO 

CM 

■d 

o- 

LO 

O' 

LO 

LO 

O' 

LO 

"d 

0 

0 

Pm 

1 — 1 

i — 1 

1 — 1 

i — 1 

0 


P, 

<D 

o- 

00 

I— 1 

O 

O 

0 

VI 

LO 

O' 

00 

CO 

OL 

1  cm 

CM 

CM 

CM 

CM 

CM 

1  co 

CO 

00 

00 

CO 

00 

&  & 

O'  lo 

cm 

l  i 

o  o 

0  w 

d  d 

5  5 


0)  0 


rd  CM 


43 

quantitative  determination  of  fecal  excretion  of  labelled 
compounds-  However,  iodide  and  T3  were  both  present. 

0^3-5  DISCUSSION 

Total  radioactivity  in  the  rumen  did  not  reach  a 
maximum  until  10  to  30  h  after  injection  of  the  labelled 
hormone.  Eecause  of  this,  much  of  the  labelled  hormone  may 
have  disappeared  from  the  blood  pool  before  it  had  a  chance 
to  enter  the  rumen. 

Slebodz inski,  (1972)  and  Miller  et  al,(1975)  indicate 
that  salivary  glands  can  concentrate  iodine  from  serum.  This 
is  also  indicated  by  the  finding  that  saliva  total 
radioactivity  was  higher  than  serum  total  radioactivity  and 
iodide  was  the  major  1-125  containing  fraction  in  saliva. 
Also,  saliva  was  probably  the  source  of  rumen  iodine  since 
the  wall  rumen  does  not  actively  transport  cr  concentrate 
iodide  (Miller  et  al,  1975). 

It  appears  as  though  T3  is  altered  or  bound  by 
unautoclaved  rumen  fluid.  Even  though  viable  rumen  microbes 
would  appear  to  be  a  logical  cause  of  these  alterations,  the 
present  data  cannot  be  used  to  eliminate  the  possibility  of 
non— mi cro bial  chemical  action  which  was  prevented  by 
autoclaving. 

No  evidence  of  T3  in  the  saliva  was  found,  therefore  if 
T3  does  get  into  the  rumen  it  would  have  to  pass  through  the 
rumen  wall.  However,  binding  of  T3  to  blood  proteins  would 
limit  passive  diffusion.  Microbes  attached  to  the  rumen  wall 
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could  metabolize  the  hormone.  It  would  then  he  undetectable 
by  the  methods  used  even  though  it  may  be  functionally 
present. 

Even  if  T3  can  be  metabolized  in  the  rumen  this  does 
not  mean  that  it  does  have  an  effect  on  rumen  microbe 
metabolism.  This  point  requires  further  investigation. 

There  is  no  obvious  reason  for  the  large  variation  in 
total  1-125  radioactivity  excretion,  however,  one 
possibility  relates  to  the  high  iodine  diet  that  these  sheep 
were  fed.  In  these  experiments  the  sheep  in  Period  1  had 
been  receiving  the  high  iodine  diet  for  12  weeks,  in  Period 
2  they  had  received  the  iodine  for  17  weeks  and  in  Period  3 
they  had  received  the  iodine  for  3  weeks.  Consequently,  the 
sheep  in  the  three  periods  may  have  been  at  different  states 
of  iodine  equilibration  (Cottino  et  aJL,  1972). 
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---  F  4  z  METABOLITES  OF  TRIIODOTHYRONINE  IN  SHEEP 

URINE 

(K4._1  ABSTRACT 

A  tracer  dose  of  1-125  labelled  triiodothyronine  was 
injected  into  a  jugular  vein  of  six  yearling  ewes.  Urine  was 
collected  by  bladder  catheter  for  72  hours.  Labelled  organic 
compounds  were  extracted  with  acidified  t-amy 1- alcoh cl  and 
separated  by  thin  layer  chromatography  on  silica  gel. 

Labelled  triiodothyronine  (T3) ,  iodide,  and  an 
unidentified  fraction  appeared  in  the  urine  within  2  hours 
of  injection  of  the  labelled  T3.  On  the  basis  of 
chromatography,  the  unknown  was  not  3, 3 ‘-diiodothyronine, 

3 , 5-diiodothyronine  or  t riiodcthyroacetic  acid.  However,  the 
possibility  of  the  unknown  being  mono-  and  diiodotyrosines 
of  conjugates  of  T3  could  not  be  eliminated.  The  unknown  did 
not  reach  detectable  levels  in  the  serum  of  the  sheep.  This 
indicates  that  the  unknown  is  either  produced  or 
concentrated  by  the  kidneys.  During  the  first  12  hours 
following  administration  of  the  labelled  T3,  0.82/?  of  the 
initial  dose  of  T3  appeared  as  extractable  T3,  and  6.20% 
appeared  in  the  urine  as  extractable  unknown. 

INTRODUCTION 

Most  wcrk  on  urinary  excretion  of  thyroid  hormone 
metabolites  has  been  done  with  laboratory  species  and  humans 

d  Burke,  1S76).  No  reports  on  urinary 
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excretion  of  thyroid  hormones  from  sheep  have  been  found. 

Products  of  triiodothyronine  (T3)  metabolism  in  lab 
species  and  humans  include:  3 , 3 *-diiodothy ronine, 

3  * , 3-diiodot hyronine  (3',3-T2),  3 1 , 3, 5-triiodot hyroace tic 
acid  (TP.IAC)  and  3 1 , 3 , 5-triiodcthy ropropionic  acid  (TRIPOP)  . 
In  humans  and  rats  T3  and  3 ', 5 1 , 3-triiodothyronine  (rT3)  are 
major  sources  of  3',3-T2  (Hufner  and  Grussendorf,  1978; 
Chopra  et  al  1978;  Gavin  et  al  1978).  The  3*,3-T2  is  rapidly 
deiodinated  and  excreted  in  urine  (Stanbury  and  Morris 
1957).  The  deamination  and  decarboxylation  products  TRIAC 
and  TRIPOP  are  also  produced  in  humans  (Nakamura  et 
al,1978).  Deamination  of  thyroid  hormones  is  enzymatic  in 
nature  and  controlled  by  the  alpha-keto  acid  substrate.  In 
the  presence  of  pyruvate  or  oxaloacetate,  the  deiodination 
enzyme  (from  rabbits)  is  specific  for  T3.  In  the  presence  of 
alpha  keto  glutarate,  the  enzyme  also  deaminates 
3 , 5-din it rothyroxine  (Soffer  et  alx  1973).  Conjugates  of  T3 
and  thyroxine  (T4)  are  produced  in  the  kidneys.  These 
conjugates  of  T3  make  up  50^  of  the  total  T3  in  human  urine 
(Shakespear  and  Burke,  1976;  Eurke  and  Shakespear,  1976)  and 
may  be  present  in  pregnant  sheep  serum  (Dussault  et  al, 
1972).  Splitting  of  the  ether  bond  of  T4  has  been  reported 
but  it  is  unclear  whether  the  T4  molecule  or  a  metabolite  of 
it  is  cleaved  (Wynn  and  Gibbs,  1964). 

0.JU3  METHODS  AND  MATERIALS 

Six  sheep  that  were  fed  a  near  maintenance  (760  g/d)  or 
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twice  maintenance  (1520  g/d)  ration  of  alalfa  pellets  were 
given  a  single  injection  of  1-125  labelled  T3  (see  Chapter  2 
for  details) .  Urine  samples  collected  from  the  sheep  during 
Period  1  were  used  only  for  analysis  of  total  radioactivity 
1~125.  This  was  due  to  differences  in  the  collection 
schedule  in  this  period  and  the  lack  of  inclusion  of  a 
suitable  antimicrobial  agent.  Urine  samples  were  collected 
by  bladder  catheter  and  preserved  with  0.02*  sodium  azide. 
Volumes  were  recorded  and  subsamples  were  stored  at  -20  C 
until  laboratory  analyses  could  be  performed. 

Total  radioactivity  was  determined  and  labelled 
compounds  were  extracted  from  urine  by  the  following 
procedure:  (i)  0.0003  g  of  T3,  T4  and  KI  (each  dissolved  in 
0.10  ml  0.04  N  NaOH)  were  added  to  0.50  ml  of  urine  and 
mixed  on  a  vortex  mixer  for  15  seconds,  samples  were  cooled 
to  0  C  for  15  minutes;  (ii)  0.80  ml  of  t-amyl  alcohol 
(saturated  with  10%  sulfuric  acid)  was  added  and  mixed  for 
60  seconds  on  a  vortex  mixer;  (iii)  The  t-amyl  alcohol  and 
aqueous  fractions  were  separated  by  centrifuging  at  llOOxg 
for  5  minutes,  the  t-amyl  alcohol  layer  was  removed;  (iv) 

The  aqueous  layers  were  re-extracted  and  the  extracts  were 
pooled,  0.10  ml  of  the  pooled  extracted  was  chromatographed 
on  silica  gel  G  plates  (see  Chapter  2).  This  method  was 
capable  of  detecting  4000  cpm  in  one  milliter  of  urine  (with 
an  accuracy  of  at  least  7%)  of  either  T3  or  extractable 
unknown.  Total  urinary  excretion  of  radioactive  compounds 
was  calculated  from  total  urine  volume  and  the  amount  of 
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radioactivity  per  ml.  The  error  (of  the  estimated  T3  or 
extractable  unknown  excreted)  would  be  expected  to  increase 
with  time  after  injection  of  the  labelled  hormone  because 
the  specific  activity  of  the  urine  decreased  (resulting  in 
less  accurate  counting) . 

Preliminary  tests  showed  that  this  method  of  extraction 
removed  more  than  98^  of  a  tracer  amount  of  labelled  T3  from 
either  urine  or  distilled  water.  Extraction  of  iodide  was 
found  to  be  variable  and  less  efficient,  therefore 
extractable  iodide  is  not  reported.  The  efficiency  and 
consistency  o f  extraction  of  the  unknown  could  not  be 
determined,  however  the  amount  extracted  in  relation  to  T3 
was  substantial  (Table  6). 

The  Rf  (relative  fraction  of  migration)  of 
diio do tyrosine  (DIT)  ,  mcnciodotyrosine  (WIT),  thyroxine 
(T4)  ,  3,5-diiodothyron ine  (3, 5-T2), 

3* r 3, 5-triiodothyroacetic  acid  (TRIAC)  ,  T3  and  potassium 
iodide  were  also  determined. 

0. 4.4  RESULTS 

An  unidentified  1-125  containing  fraction  accounted  for 
a  large  portion  of  the  total  extractable  1-125  radioactivity 
excreted  in  the  urine.  As  can  be  seen  from  Table  6,  the 
extractable  unknown  accounted  for  the  a  large  proportion  of 
the  total  1-125  radioactivity  excreted  during  the  first  18  h 
after  injection  of  the  labelled  hormone.  T3  and  iodide  were 
also  present,  however,  T3  was  a  minor  component  and  the 
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contribution  of  iodide  could  not  be  accurately  determined. 
From  Figure  7  it  can  be  seen  that  as  time  progressed,  the 
fraction  of  total  extractable  label  in  urine  decreased  until 
36  h  post  injection.  Also,  during  the  first  24  h  the  unknown 
fraction  decreased  and  became  undetectable.  After  12  h,  T3 
was  undetectable.  The  accumulation  of  excreted  unknown  and 
T3  is  illustrated  graphically  in  Figure  8.  This  figure  shows 
that  about  9$  (90,000,000  cpm)  of  the  initial  dose  was 
excreted  as  the  unknown  in  urine  within  24  h.  This  was 
considerably  more  than  the  portion  of  the  injected  T3  that 
was  excreted  unchanged.  Table  7  is  a  tabulation  of  the 
excretion  cf  total  1-125  radioactivity  in  urine.  It  is 
evident  that  the  excretion  of  total  1-125  is  highly  variable 
between  animals.  Also  more  1-125  was  excreted  during  the 
first  24  h  period  than  in  the  second  or  third  24  h  period 
after  injection  of  the  labelled  hormone. 

From  the  Rf  values  in  Table  8  it  can  be  seen  that 
iodide  migrates  by  itself  free  from  iodinated  thyronines.  T3 
migrates  at  the  same  rate  as  does  3,5-T2,  consequently, 
3,5-T2  may  be  mistakenly  identified  as  T3  in  this  system. 
However,  it  has  not  been  reported  as  a  major  metabolite  of 
T  3  in  any  species,  therefore  interference  from  the  compound 
was  considered  to  be  unlikely.  3*,3— T2  was  not  tested  in 
this  system,  however,  Latham  et  al,  (1  976)  reported  that 
when  they  used  the  same  conditions,  3',3-T2  migrated  between 
T3  and  T4.  Significant  counts  were  not  found  in  this  area. 
The  unknown  migrated  more  slowly  than  T4  in  the  area  that 
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Figure  7  Occurrance  of  extractable  1-125  radioactivity 
(#)  ,  extractable  unknown  (4)  and  extractable 
triiodothyronine  (■&)  in  urine  of  sheep  after 
an  intravenous  injection  of  1-125  triiodo¬ 
thyronine 


100,000,000  cpm 
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Figure  8  Accumulation  of  extractable  unknown  (i )  and 

triiodothyronine  (*)  in  the  urine  of  sheep  after  an 
intravenous  injection  of  1-125  triiodothyronine  at 
time  zero 


Table  7  Accumulation  of  1-125  in  urine  from  sheep  fed  alfalfa  pellets  at  760  g/d  or  1520 

g/d,  1.5  mg  KI  was  injected  intrar uminally  each  day.  1-125  was  injected  intravenously 
at  time  zero  as  1,100,000,000  cpm  1-125  of  90%  purity 
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Table  8 


sfnf^^fraCti°n  °f  mi3rati°n  (Rf)  of  diiodotyro- 
_  _  .  ''  monoiodotyrosine  (MIT)  ,  thyroxine  (T4) 

nine  )t3)°  3  '  ,  3 , 5-triiodothyro- 

..  '3,5  trnodothyroacetic  acid  (TRIAC)  , 

potassiiim  iodide  (I)  and  unknown  (U)  on  silica  gel 
G  thln  !ayer  chromatography  plates 


Compound 


Rf 


DIT 

MIT 

T4 

3 , 5-T2 
T3 

TRIAC 

I 

U 


0.16 
0.14 
0.26 
0.37 
0.36 
0 . 56 
0.64 
0.15 
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corresponded  tc  the  iodinated  tyrosines, 

0.4,5  DISCUSSION 

Urine  samples  could  not  be  chromatographed  without 
extraction  because  the  Rf  values  were  found  to  be  highly 
variable  betweer  samples.  This  could  have  resulted  from 
variable  concentrations  of  salts  and  (or)  buffering  capacity 
of  the  urine  samples.  Also,  organic  compounds  in  the 
unextracted  urine  made  detection  of  the  T3  and  T4  bands 
difficult,  therefore,  labelled  compounds  were  extracted  into 
acidified  t-amyl  alcohol.  No  evidence  of  degradation  of  T3 
during  the  extraction  process  was  found  during  verification 
of  the  method.  It  was  also  found  that  T3  was  extracted  to  a 
greater  extent  than  was  iodide. 

On  the  basis  of  chromatography,  the  unknown  fraction 
could  have  been  iodinated  tyrosines.  However,  the  sulfonic 
and  glucuronic  acid  conjugates  of  T3  could  not  be  ruled  out 
(Shakespear  and  Burke,  1976;  Eurke  and  Shakespear,  1976; 
Dussault  et  al,  1972).  Shakespear  and  Burke  (1976)  reported 
that  conjugates  account  for  about  50%  of  the  total  T3 
present  in  human  urine.  The  unknown  in  this  study  accounted 
for  considerably  more  than  50%  of  the  sum  of  the  unknown  and 
T3,  However,  species  and  diet  differences  must  be  taken  into 

account  when  extrapolating  to  sheep. 

The  sulfonic  and  gluconuric  acid  conjugates  of  T3  are 
chemically  unstable  and  are  cleaved  by  acidic  conditions  and 
possibly  alkaline  conditions  (Shakespear  and  Burke,  1976). 
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Both  of  these  conditions  occurred  during  the  extraction  and 
chromatography  procedures.  However,  since  the  conjugates  are 
difficult  to  prepare  and  obtain  in  pure  form  (Shakespear  and 
Burke,  1976)  it  was  not  determined  if  the  conjugates  were 
extracted  or  stable  in  the  procedures  used,  therefore  it  was 
assumed  that  they  would  be  extracted  intact.  Molecules  of 
the  size  and  polarity  of  these  conjugates  could  be  expected 
to  migrate  in  the  region  cf  the  unknown  (T.  Fenton  and  J.R. 
Thompson,  personal  communication). 

The  unknown  that  Dussault  et  al  (1972)  found  in  blood 
of  pregnant  sheep  was  thought  to  be  a  conjugate  of  T3. 
Although  precise  figures  were  not  given,  it  was  implied  that 
equal  amounts  of  the  unknown  and  T3  appeared  in  maternal 
serum  after  1-131  administration  to  the  fetus.  The  unknown 
in  this  study  did  not  appear  in  serum  in  sufficient  amounts 
for  quantitative  determination. 

Monoiodotyrosi ne  and  diiodotyrosine  may  be  produced 
from  T4  and  T3.  Wynn  and  Gibbs  (1964)  showed  that  the  ether 
bond  in  T4  could  be  cleaved  by  rat  liver  microsomes.  It  is 
unclear  whether  the  molecule  cleaved  was  actually  T4  or  a 
derivative  of  it  such  as  T3  or  3',3-T2.  Therefore,  the 
possibility  that  other  thyronines  are  not  cleaved  cannot  be 
ruled  out.  Cleavage  of  any  of  the  thyronines  would  produce  a 
molecule  cf  iodinated  tyrosines  plus  a  1,4  hydrcquinone 
derivative  (Wynn  and  Gibbs,  1966).  Because  there  are  several 
compounds  that  could  be  produced  by  the  animal  that  might 
migrate  to  the  area  of  the  unkown,  its  identity  cannot  be 
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suggested  with  any  certainty. 


■ 
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— — —  CHAPTER  5  J.GE  NEPAL  CONCLUSIONS  AND  DISCUSSION 

0^5 KINETICS  AND  .DISTRIBUTION 

The  data  presented  in  this  thesis  indicate  that  either 
a  maintenance  or  twice  maintenance  ration  does  not  affect 
the  circulating  concentration  of  triiodothyronine  (T3)  or 
its  disappearance  rate.  These  two  levels  of  feed  intake  did 
cause  alterations  in  the  distribution  volume  of  T3,  which 
presumably  occurred  through  a  change  in  affinity  cr  number 
of  binding  sites. 

0.  5. 2  SALIVA*  RUMEN  FLUID  AND  FECES 

In  this  study  T3  was  not  detectable  in  either  saliva  or 
rumen  fluid.  In  vitro,  there  appears  to  be  some  action  of 
the  rumen  micrcbicta  on  T3.  It  was  not  determined  what  this 
action  was  but  it  may  have  been  due  to  binding  followed  by 
me  tabolism. 

It  is  possible  that  recycling  of  iodide  through  the 
alimentary  tract  contributed  to  the  differences  observed  in 
total  1-125  radioactivity  disappearance  rate.  However,  the 
present  data  is  insufficient  to  prove  this. 

T 3  was  present  in  feces  tut  the  amount  could  not  be 
accurately  quantified.  If  T3  does  influence  the  metabolism 
of  microbes  in  the  gastrointestinal  tract  of  sheep,  the 
hormone  present  in  the  hind  gut  may  be  of  importance. 
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—  — — — EXC  BET  10  N  PBO  DUCTS  CF  T B IIODCTHY BONIN E 

A  large  unidentified  fraction  of  T3  metabolite  (s)  was 
detected  in  the  urine  of  the  sheep.  Some  compounds  which 
could  make  up  all  or  part  of  this  fraction  are  mono—  or 
diiodotyrosine  and  sulfonic  or  glucuronic  acid  conjugates  of 
13,  The  unknown  fraction  accounted  for  more  of  the  total 
1-125  radioactivity  excreted  in  the  urine  than  did  T3,  In 
monogastrics  there  have  been  no  reports  of  the  possible 
products  mentioned  above  being  present  in  such  large 
quantities.  Thus  it  may  be  possible  that  thyroid  hormone 
metabolism  in  ruminants  and  monogastrics  is  different.  It 
will  be  necessary  to  chemically  define  the  unknown  fraction 
before  any  conclusions  can  be  reached.  As  in  all  other 
phases  of  this  experiment  the  possibility  that  the  high 
level  of  iodine  fed  to  the  sheep  may  alter  T3  metabolism 
must  be  kept  in  mind. 
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APPENDIX  3.2 

Total  1-125  cpm,  iodide  (I)  cpm  and  non-migrating  (Origin)  cpm  per  ml  of  rumen  fluid 
following  a  single  intravenous  injection  of  1,100,000,000  cpm  of  1-125  triiodothyronine 
into  sheep  receiving  either  1520  or  760  g  alfalfa  pellets  per  day.  The  experiment  was 
conducted  in  three  periods 
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APPENDIX  3.3 

Total  1-125  cpm ,  iodide  (I)  cpm  and  non-migrating  (Origin)  cpm  per  ml  of  rumen  fluid 
following  a  single  intravenous  injection  of  1,100,000,000  cpm  of  1-125  triiodothyronine 
into  sheep  receiving  either  1520  or  760  g  alfalfa  pellets  per  day.  The  experiment  was 
conducted  in  three  periods 
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APPENDIX  4.2 

Radioactivity  (x  10,000  cpn.)  of  total  1-125,  estimated  extractable  iodide  and  estimated  extractable  tri iodothyorine  (T3) 
excreted  in  feces  of  oheep  following  a  single  intravenous  injection  of  1,100,000,000  cpm  1-125  T3  (90%  pure).  The  sheep 
v,ere  fed  1520  or  760  g  of  alfalfa  pellets  per  day,  the  experiment  was  conducted  in  three  periods 
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